A second novel clinical actinobacterial strain, designated IFM 10348 T , was isolated from the sputum of the same Japanese patient with bacterial pneumonia from whom the type strain of Gordonia araii had been isolated. The strains differed in phylogenetic position and drugresistance profiles. 
The genus Gordonia (formerly Gordona) was first proposed by Tsukamura (1971) , and was classified within the suborder Corynebacterineae (Zhi et al., 2009) . Strains of the genus Gordonia were originally isolated from patients and are considered to be pathogenic (Iida et al., 2005; Jannat-Khah et al., 2009; Kageyama et al., 2006; Tsukamura, 1978) . Numerous members of the genus Gordonia were later found from various environments, and they have attracted much interest in recent years due to their abilities to degrade xenobiotics, environmental pollutants or slowly biodegradable natural polymers as well as to transform or synthesize possibly useful compounds (Arenskötter et al., 2004; Kämpfer et al., 2011; Kang et al., 2009; Kim et al., 2009; le Roes et al., 2008; Soddell et al., 2006; Yassin et al., 2007; Yoon et al., 2000) . At the time of writing, the genus Gordonia encompasses 34 recognized species (http://www.bacterio.net/g/ gordonia.html).
In June 2002, we isolated a novel strain from a 48-year-old Japanese male patient with bacterial pneumonia, and proposed the name Gordonia araii for this strain (Kageyama et al., 2006) . Subsequently, a second Gordonia strain, designated IFM 10348 T , was isolated from the same patient that exhibited a different drug susceptibility profile (Table 1) 3These authors contributed equally to this work.
The GenBank/EMBL/DDBJ accession numbers for the 16S rRNA, gyrB and secA1 gene sequences of Gordonia iterans IFM 10348 T are AB624257, AB624258 and AB624259, respectively. T was found to belong to the genus Gordonia and cluster with Gordonia malaquae DSM 45064
T and Gordonia hirsuta DSM 44140 T (97.3 and 97.1 % similarity, respectively) based on 16S rRNA gene sequence analysis. The isolation of two novel strains from the same patient is interesting but not taxonomically relevant. Therefore, the aim of the present study was not only to determine the taxonomic status of strain IFM 10348 T using a polyphasic taxonomic approach, but also to report the unusual pathogenic Gordonia infection pattern as an important reference in clinical diagnosis. Phenotypic, chemotaxonomic and phylogenetic analyses were carried out to characterize strain IFM 10348
T as representing a novel species of the genus Gordonia.
Strain IFM 10348
T was incubated on brain heart infusion (BHI; Difco) agar at 28 u C for 1 week and stored as a glycerol suspension (20 %, w/v) at 280 uC. Biomass for chemical and molecular studies was obtained by cultivation in shaken flasks (about 200 r.p.m.) using BHI or trypticase soy broth (TSB; containing 15 g tryptone, 5 g soya peptone and 5 g NaCl per litre, pH 7.2) medium at 37 u C for 1 week. Cells were harvested and then freeze-dried.
To further classify strain IFM 10348 T , morphological, cultural, physiological and biochemical characterizations were carried out following the guidelines of the International Streptomyces Project (Shirling & Gottlieb, 1966) . The morphological characteristics of strain IFM 10348 T were examined by light microscopy (Philips XL30) and scanning electron microscopy (Philips ESEM-TMP) after incubation on BHI agar at 37 u C for 7-21 days. Gram staining was determined by using the standard Gram reaction. Cell motility was confirmed by the development of turbidity throughout a tube containing semisolid medium (Leifson, 1960) . Cultural characteristics were tested on yeast-malt extract agar (ISP 2), oatmeal agar (ISP 3), inorganic salts-starch agar (ISP 4), glycerol-asparagine agar (ISP 5), potato-dextrose agar (PDA), Czapek's agar and nutrient agar. No aerial spore-mass colour, substrate mycelium pigmentation or coloration of the diffusible pigments were observed on the media described by Dong & Cai (2001) . Colours were determined by using the colour chips from the ISCC-NBS colour charts (standard samples, no. 2106) (Kelly, 1964) . Temperature (5, 15, 20, 28, 37, 40 and 45 u C) and NaCl (0-15 %, v/v, at intervals of 1 % unit) tolerance ranges for growth were tested. The initial pH range for growth (pH 4.0-13.0, at intervals of 1.0 pH unit) was examined at 37 u C on BHI agar; the buffer system included 0.1 M citric acid/0.1 M sodium citrate to pH 4.0-5.0, 0.1 M KH 2 PO 4 /0.1 M NaOH to pH 6.0-8.0, 0.1 M NaHCO 3 / 0.1 M Na 2 CO 3 to pH 9.0-10.0, 40 mM Na 2 HPO 4 /40 mM NaOH to pH 11.0-12.0, and 50 mM KCl/0.1 M NaOH to pH 13.0. Sole carbon source utilization and enzyme hydrolysis patterns against various substrates were determined using API 20NE strips (bioMérieux) and the BD Phoenix Identification System (Brigante et al., 2008) . Degradation of Tweens, starch and cellulose, gelatin liquefaction, nitrate reduction, activities of oxidase and catalase, and milk peptonization and coagulation were tested. Media and procedures used for determination of these physiological features were as described by Williams (1989) and Gordon et al. (1974) .
Cells of strain IFM 10348
T were Gram-stain-positive, aerobic and non-motile. Short elementary branching hyphae fragmented into rod-like elements varying in size (Fig. S1 , available in the online Supplementary Material). Hyphae with the same colours (light yellow, white-yellow or orangeyellow) developed well on Czapek's agar, PDA, ISP 2 and ISP 3 media, moderately on nutrient agar and ISP 5 media, but scarcely on ISP 4 medium, and no diffusible pigment was observed on any of the media tested (Table S1) . Growth occurred at 15-40 u C (optimum 37 u C), but no growth was observed at 5 or 45 u C. Strain IFM 10348
T showed a broad pH range for growth (pH 6.0-11.0, optimum 7.0-9.0) and a wide tolerance to NaCl (0-9 %, w/v, optimum 0-5 %). Activities of oxidase and catalase were positive but urease was negative. Tweens 20 and 80 were degraded but starch, Tween 40 and Tween 60 were not. Gelatin liquefaction, and milk peptonization and coagulation were positive. Nitrate was reduced and H 2 S was not produced. Phenotypic properties useful for distinguishing strain IFM 10348
T from its closely related type strains are listed in Table 2 , and the detailed physiological characteristics of strain IFM 10348 T are given in the species description.
Analyses of the isomer of diaminopimelic acid and sugars in whole-cell hydrolysates were performed by using the procedures described by Hasegawa et al. (1983) , Saddler et al. (1991) and Tang et al. (2009) . Mycolic acid trimethylsilyl ethers were prepared and analysed according to the methods of Miyadoh (2001) . Menaquinones were extracted from freeze-dried biomass as described by Minnikin et al. (1984) and purified and analysed by HPLC (Kroppenstedt, 1982) . Biomass for cellular fatty acids analysis was cultured in TSB at 37 u C for 3 days, and the cellular fatty acids were extracted, methylated and analysed by using the protocol of the Sherlock Microbial Identification System (MIDI) (Sherlock Version 6. 1; MIDI database: TSBA6) (Sasser, 1990) . Polar lipids were extracted, examined by two-dimensional TLC and identified using standard procedures (Collins & Jones, 1980; Minnikin et al., 1979) . The DNA G+C content was determined by HPLC (Mesbah et al., 1989) with Escherichia coli JM-109 as the reference strain. The predominant respiratory menaquinone of strain IFM 10348 T was MK-9(H 2 ), and MK-8(H 2 ) was also detected as a minor component. Whole-cell hydrolysates of strain IFM 10348 T contained meso-diaminopimelic acid as the diamino acid of the peptidoglycan and arabinose, galactose and glucosamine as major whole-cell sugars (wall chemotype IV) (Lechevalier & Lechevalier, 1970) . The major cellular fatty acids of strain IFM 10348 T were C 18 : 1 v9c (28.49 %), summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c) (27.45 %) and C 16 : 0 (24.69 %), and its profile of fatty acids was similar to those of all genera in the suborder Corynebacterineae. Detailed fatty acid profiles of strain IFM 10348
T and the reference type strains of its closest related species, G. malaquae IMMIB WWCC-22 T and G. hirsuta DSM 44140 T , are given in Table S2 . It was also characterized based on the presence of mycolic acids that co-migrated with those of the type strain of Gordonia bronchialis. The polar lipids of strain IFM 10348 T consisted of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol, phosphatidylinositol mannoside, an unknown glycolipid, an unknown phospholipid and two unknown lipids (Fig. S2) . The DNA G+C content of strain IFM 10348 T was 68.0 mol%. These morphological and chemotaxonomic characteristics of strain IFM 10348 T are consistent with its assignment to the genus Gordonia.
To determine the taxonomic position of strain IFM 10348 T , phylogenetic analyses based on 16S rRNA gene sequences was performed. Genomic DNA extraction and PCR amplification of 16S rRNA genes were performed as described by Li et al. (2007) . The amplicon was purified by using a PCR purification kit (Sangon Biotech). The 16S rRNA gene sequence of strain IFM 10348
T was compared with those of cultured species via BLAST searches (Altschul et al., 1990) and of type strains via EzTaxon-e (Kim et al., 2012) . Multiple alignments of the sequence of strain IFM 10348 T with those of type strains of the genus Gordonia were performed using the CLUSTAL X software package (Thompson et al., 1997 ). Kimura's two-parameter model was used to calculate evolutionary distances (Kimura, 1980 (Kimura, , 1985 . Phylogenetic trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) tree-making algorithms. Phylogenetic and molecular evolutionary analyses were performed using the software package MEGA version 5.0 (Tamura et al., 2011) and the PHYML package (Guindon & Gascuel, 2003) . Bootstrap analysis was used to evaluate the topology of each tree based on 1000 replications (Felsenstein, 1985) . Mycobacterium tuberculosis H37RvT (AJ536031) was used as an outgroup. Sequences of the gyrB and secA1 genes of strain IFM 10348
T were also analysed, and compared with those of closely related species of the genus Gordonia, which were chosen on basis of 16S rRNA gene sequence similarity. Combined with 16S rRNA, the gyrB and secA1 gene sequences of published strains of Gordonia deposited in GenBank confirmed the novel position of strain IFM 10348 T .
The almost-complete 16S rRNA gene sequence (1423 nt) of strain IFM 10348 T was determined. Phylogenetic analyses showed that strain IFM 10348
T was a member of the genus Gordonia and formed a distinct subclade with G. malaquae DSM 45064 T (97.3 % similarity), supported by a bootstrap value of 78 % and separated from other species of the genus Gordonia (Fig. 1 ). An apparent distinct subclade was also displayed in the other phylogenetic trees, including the maximum-parsimony and maximum-likelihood trees, supported with bootstrap values greater 70 % (Fig. 1) . The combined phylogenetic tree of 16S rRNA, gyrB and secA1 gene sequences was consistent with that of the individual 16S rRNA gene tree (Fig. S3) . Based on gyrB and secA1 gene sequence information, strain IFM 10348 T was differentiated from G. hirsuta DSM 44140 T (83.7 and 90.5 % similarity, respectively) and G. malaquae DSM 45064 T (78.6 and 85.9 %, respectively). Accordingly, all the above data indicate that strain IFM 10348 T does not belong to any recognized species of the genus Gordonia.
To clarify whether strain IFM 10348
T represents a distinct species of the genus Gordonia, DNA-DNA hybridizations were carried out between strain IFM 10348 T and G. hirsuta DSM 44140
T by the fluorometric micro-well method Colony Light yellow Cream Light yellow pH range for growth 6.0-11.0 5.0-9.0 6.0-9.0 NaCl range (w/v) 0-9 % 0-12 % 0-5 % Utilization of: (Christensen et al., 2000; Ezaki et al., 1989) , using photobiotin and microplates. The hybridizations were performed with eight replications between strain IFM 10348 T and its closest phylogenetic neighbour, G. hirsuta DSM 44140 T , at the optimal hybridization temperature (47 u C). Strain IFM 10348 T displayed low DNA-DNA relatedness with G. hirsuta DSM 44140 T (35.8 %), a value significantly lower than the threshold value (70 %) recommended for the recognition of genomic species (Stackebrandt & Goebel, 1994) . Coupled with phenotypic and phylogenetic evidence, we therefore suggest that strain IFM 10348 T should be considered as a representative of a novel species of the genus Gordonia.
Phylogenetic analysis, and morphological and chemotaxonomic characteristics all supported strain IFM 10384
T as a member of the genus Gordonia. Differences in biochemical characteristics, DNA G+C contents, fatty acid compositions and DNA-DNA relatedness could be used to distinguish strain IFM 10384
T from all recognized species of the genus Gordonia. Therefore, on the basis of these results, we consider that strain IFM 10384 T should be assigned to a novel species of the genus Gordonia, for which the name Gordonia iterans sp. nov. is proposed.
Description of Gordonia iterans sp. nov.
Gordonia iterans (i9te.rans. L. part. adj. iterans repeating, as the type strain was isolated from the same patient with bacterial pneumonia caused by G. araii). 
Gordonia kroppenstedtii DSM 45133 T (AM883151)
Mycobacterium tuberculosis H37RvT (AJ536031) The type strain, IFM 10348 T (5CCTCC M2011245 T 5 NCCB 100436 T ), was isolated from the sputum of a Japanese patient with bacterial pneumonia. The DNA G+C content of the type strain is 68.0 mol%.
